Introduction
Host immunity against microbial pathogens comprises defense at the portal of entry (the skin and mucosa) together with innate and adaptive immune responses. The innate immune system maintains tissue homeostasis and provides a first-line cellular defense against microbial infections. The process is regulated, in significant measure, by mononuclear phagocytes (MP; dendritic cells, monocytes, tissue macrophages, and microglia). MPs play pivotal roles in antigen capture and presentation, pathogen and tissue debris clearance, cellular secretory functions. MP populations originate in bone marrow from promonocytes (van Furth et al., 1982; van Furth, 1992) and are widely distributed throughout the body from monocyte pools including, but not limited to, lymphoid tissue, liver, lung, gastrointestinal tract, and the nervous system. Despite their common origin, macrophages are heterogeneous populations based on the residing tissues (Gordon et al., 1988; Morris et al., 1991; Laskin et al., 2001) . Whether this translates into functional (Gordon et al., 1988 ) and antigenic differences (Taylor et al., 2003; Guillemin and Brew, 2004) is not completely understood. MP heterogeneity may be simply a consequence of cell exposure to the tissue microenvironment including local growth factors (Naito et al., 1996) . The latter would include, but not be limited to, macrophage and granulocyte-macrophage colony-stimulating factors (M-CSF and GM-CSF) , that affect MP differentiation, proliferation and activation (Kaplan et al., 1992; Cecchini et al., 1994; de Villiers et al., 1994 de Villiers et al., , 1998 Hamilton, 1997) .
The properties of MPs are studied following cell isolation and cultivation under defined laboratory conditions. This permits investigations of cell function and molecular profiles independent of the tissue microenvironment. In order to address the role that genetics and environment play in MP heterogeneity, we isolated bone marrow (BM) and spleen (SPL) macrophages and brain microglia (MG) under the same culture medium and tested whether the cells display unique protein signatures. A unique proteomic pattern of MPs was shown by Surface Enhanced Laser Desorption Ionization-Time of Flight (SELDI-TOF) ProteinChip® profiles and substantiated high-performance liquid chromatography (HPLC) fractionation and liquid chromatography tandem mass spectrometry (LC-MS/MS) protein identification. The results provide specific protein signatures for MP supporting the concept that both the tissue microenvironment and genetic composition affect cellular heterogeneity.
Materials and Methods

Cell Cultures
BM and SPL macrophages and MG were prepared from C57BL/6 (male, 8-12 weeks old), and neonatal mice (1-2 days old), respectively (Charles River Laboratory, Wilmington, MA). To obtain BM-macrophages, both femurs were removed and placed in Hanks' balanced salt solution (HBSS) at 4°C. A 5-ml syringe with a 26-gauge needle was inserted into the BM cavity and flushed with HBSS until the cavity appeared white. After dissociation of red cells with 0.15 M NH 4 Cl, 10 mM KHCO 3 , 0.1 mM Na 2 EDTA, pH 7.2 (lysis buffer), the cell suspension was passed through a 40-μm filter. The BM cells were cultured for 7 days in complete medium (CM; Dulbecco's modified Eagle's medium [DMEM] supplemented with 10% fetal bovine serum (FBS), 2 mM L-glutamine, 1% penicillin/ streptomycin) with 2 μg/ml M-CSF. Nonadherent cells were removed from flasks at 1, 4, and 7 days by successive DMEM washes. SPL macrophages were obtained by mechanically dissociating spleens in HBSS and then passing the cells through a wire mesh. After dissociation of red cells with lysis buffer, the cell suspension was passed through a 40-μm filter. The cells were cultured for 7 days in CM containing M-CSF. Nonadherent cells were removed from the flasks at 1, 4, and 7 days.
MG were prepared using previously described techniques (Dobrenis, 1998) . Brains were removed and placed in HBSS at 4°C. The tissue was triturated gently by pipetting through a 10-ml pipette. The cell suspension was then incubated in 0.1% trypsin at 37°C for 30 min. After adding cold heat-inactivated FBS, the tissue was washed several times with cold HBSS and filtered through a 40-μm filter. The cells were then cultured for 7 days in CM with M-CSF. To obtain highly purified MG, the culture flasks were shaken gently, and the supernatants containing floating MG were transferred to a new flask. The new flasks were incubated for 30 min to allow the MG to adhere; loose cells were then removed from the flask by washing with DMEM. The adherent MG was cultured for an additional 7-10 days. MP purity was confirmed by CD11b immunocytochemical and by morphological examination. CD11b was expressed in >98% cells, regardless of tissue site. All MP subtypes demonstrated enlarged horseshoe-shaped nuclei, dense granular cytoplasm, microvillus processes, prominent rough-surfaced endoplasmic reticulum, and large numbers of endosomes, lysosomes, mitochondria, and cytoplasmic vacuoles.
Preparation of Cell Lysates for Proteomic Analysis
Cells were washed three times with phosphate-buffered saline (PBS), aliquoted, and stored at -80°C before use. Lysates were prepared with 5 mM Tris-HCl, pH 8.0, protease inhibitor cocktail (Sigma, St Louis, MO), and either 2% Triton X-100 or 2% 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS). Protein was quantified using the BCA Protein Assay (Pierce; Rockford, IL) following the manufacturer's instructions.
The protein signatures of whole cell lysates was performed by SELDI-TOF ProteinChip assays (Ciphergen Biosystems, Fremont, CA). The chip types (WCX2, SAX2, and H50) and the washing conditions (0.1 M ammonium acetate, pH 4-10; 50 mM Tris-HCl, pH 4-10; acetonitrile [ACN], 0-50%) were optimized before analysis. ProteinChip with weak cationic exchange chemistry (WCX2) was selected to profile each of the three cell lysates. The spot surface of each WCX2 chip was pretreated with 10 mM HCl and was equilibrated with wash buffer (0.1 M ammonium acetate, pH 4.0, with 0.1% Triton X-100). An aliquot of cell lysate mixture (0.25 μg) was applied to each spot and incubated in a bioprocessor at room temperature for 30 min with shaking. Unbound proteins were removed by washing spots twice with wash buffer and then with HPLC grade water. After drying of the spot, 100% sinapic acid (SPA) was applied to each spot and air-dried. SPA was prepared as a saturated solution in energy absorbing molecule solvent containing 30% ACN, 15% isopropanol, 0.5% trifluoroacetic acid, and 0.05% Triton X-100. The ionized proteins and their molecular mass/charge (m/z) ratios were detected using SELDI-TOF analysis. The SELDI-TOF mass spectra were collected by a PBS II ProteinChip Biosystems and analyzed with ProteinChip software 3.2 (both from Ciphergen Biosystems). The ProteinChip analyses were performed in triplicate, three separate times and on three independent macrophage cultures; the data set from each MP comprised a minimum of 30 spectra. The ProteinChip Reader was externally calibrated for each analysis using the four standard proteins: bovine insulin (5,733.6 Da), cytochrome C (12,230.9 Da), superoxide dismutase (SOD) (15, 591.4 Da), 363.3 Da) . Peaks were automatically detected using the Biomarker Wizard of ProteinChip software 3.2. The following parameters for peak detection were used: firstpass signal/noise (S/N) ratio = 5, second-pass S/N ratio = 2, and mass tolerance = 0.5%; estimated peaks were included in completion of clustering.
HPLC
HPLC protein fractionation was performed using a liquid chromatography system (Shimadzu, Columbia, MD). The HPLC system included pump, system controller, manual injector with a 500-μl injection loop, ultraviolet-visual (UVVis) detector set at 220 nm, and fraction collector (all Shimadzu). The HPLC system was controlled with a Dell computer and EZStart chromatographic software (Shimadzu). The mobile phase consisted of 0.1 M ammonium acetate, pH 4.0, as mobile phase A and 0.1 M ammonium acetate + 0.5 M NaCl, pH 4.0, as mobile phase B. Chromatographic separations were achieved using a weak cation exchange column (100 × 2.1 mm; Eprogen, Darien, IL). The flow rate was set at 0.2 ml/min. Before sample injection, the chromatographic column was pretreated with 10 mM HCl for 20 min and equilibrated with mobile phase A. After sample injection, mobile phase A was continued for 30 min then mobile phase B continued from 30 min to 60 min. A total of 400 μg of CHAPS-lysed cells were injected onto the column (200 μg at 0 and 12 min of mobile phase A). Under these chromatographic conditions, bound proteins were eluted at 40-50 min. The eluted fractions were dialyzed using CelluSep® H1 cellulose membranes (Membrane Filtration Products, Seguin, TX).
In Gel Tryptic Digestion
HPLC fractions were diluted with NuPAGE® LDS buffer (Invitrogen, Carlsbad, CA) and then separated by electrophoresis. In this study, 20 μg of each fraction was applied to each well of a NuPAGE® Novex 10% Bis-Tris (Invitrogen) gel and, after electrophoresis, stained by brilliant blue G-colloidal concentrate (Sigma). Specific protein bands corresponding to molecular weights of interest were cut out using a clear razor blade. After destaining with 50% ACN, 50 mM NH 4 HCO 3 /50% ACN, and 10 mM NH 4 HCO 3 /50%, the gel slices were dried then incubated with trypsin (Promega; Madison, WI) for 12-16 h. All peptides extracted by 0.1% trifluoroacetic acid/60%ACN were pooled into a glass tube and dried prior to LC-MC/ MS tests.
Protein Identification by LC-MS/MS
The peptides were resuspended in 0.1% formic acid in HPLC-grade water and the ionized peptides were detected on a QSTAR LC-MS/MS system (Applied Biosystems, Foster City, CA). The spectra from LC-MS/MS analysis were searched using Mascot search engine from Matrix Science (http://www.matrixscience.com/). All protein identifications were confirmed by three criteria, including (1) detection of more than two peptides, (2) protein score of >100, and (3) protein mass of <17 kDa.
Western Blot Assays
HPLC fractions of three MP were diluted with Nu-PAGE LDS sample buffer, and 5 μg of each sample was applied to each well of a NuPAGE Novex 10% Bis-Tris gel (Invitrogen). The gel was transferred to Immobilon-P PVDF transfer membrane (Millipore, Bedford, MA). After blocking with 3% milk in TBS, the membrane was incubated with sheep anti-mouse SOD antibodies (Calbiochem, San Diego, CA) followed by incubation with horseradish peroxidase-conjugated anti-sheep IgG (Calbiochem). A chemiluminescent signal was detected using SuperSignal® West Pico Chemiluminescent substrate (Pierce). The density of protein bands was determined using the GelExpert software system (Nucleotech, San Carlos, CA).
Statistical Analysis
We applied discriminant analysis to the log intensities of peaks whose distributions were found to differ by MP subtype. Data from the Biomarker Wizard® software 3.2 were exported for statistical analysis using SAS® software (SAS Institute, Cary, NC). Kruskal-Wallis nonparametric analysis of variance was used to identify peaks for which there were statistically significant differences in the distribution of intensity scores among the three sample types. Because of the large numbers of comparisons made, only those associated with P-values of <0.0001 were listed as significant. Following the recommendations of Yasui et al. (2003) , we analyzed significant peaks in the mass charge range of 1,500-20,000 in a stepwise discriminant analysis. We then used canonical tests to define a linear construct of peak locations providing maximum discrimination among the MP subtypes. To estimate accuracy, we employed a "leave one out" approach by computing canonical variables using all but one of the observations. The canonical variables were then used to predict the subtype membership of the observation excluded from the calculations. This process produces a more unbiased estimate of the misclassification rate than that obtained from using the data set in toto.
Results
Protein Profiling of MP Subtypes
We used SELDI-TOF ProteinChip assays to identify potential cytosolic proteins of BM and SPL macrophages and MG. SELDI-TOF combines one step fractionation of proteins with mass spectrometry. Figure 1a -e shows five spectra representing protein profiles of cell lysates of SPL macrophages from five independent experiments. Higher variability of several peak intensities (e.g., peak 3,977.4 m/ z), as compared with other peaks (e.g., 8,568.5 m/z), were observed. Nevertheless, the SELDI-TOF spectra, in general, demonstrate reproducible spectral patterns. A total of 91 spectra were prepared from the cell lysates of BM and SPL macrophages and MG after Triton X-100 cell lysis. These were combined in one file and analyzed by the Biomarker Wizard program for peak detection. Out of 58 peaks, Kruskal-Wallis analysis identified 19 proteins for which peak intensities differed significantly among MP subtypes (P < 0.0001). Table 1 presents a list of "potential" protein locations and median peaks representing proteins. Four peaks were observed to be higher in MG than in BM, and the other MG peaks had similar or lesser intensity than those for BM. Of four peaks with higher intensities, two peaks of 7510.2 and 14999.3 m/z showed similar intensities with SPL, while the other two, 7410.3 and 14803.6 m/z, showed the highest intensity in all three MP subtypes (Fig. 2b,d ). Three peaks of 3775.6, 3929.7, and 11318.4 m/z were not detected in MG but were present in BM and SPL lysates (Fig. 2a,c) . * Kruskal-Wallis analysis of variance comparing distribution of peak intensities across MP subtypes. X = Peaks selected as useful for prediction for subset membership. a A total 58 peaks were detected from data generated from SELDI-TOF ProteinChip® assays and were numbered 1-58. b Mass/charge (m/z) is indicated as median mass of corresponding peaks from all spectra. Representative spectra of SELDI-TOF ProteinChip® profiles from cell lysates of BM and SPL macrophages and MG (a-d). Cells were lysed using 2% Triton X-100. Differences in spectra were calculated based on the absolute peak intensity. Peaks with significantly higher intensities in representative spectra are marked with asterisks and those with lower intensities are marked with arrows.
Detergents Affect Protein Profiling
To examine how detergents affect SELDI-TOF spectra, we lysed cells using 2% CHAPS and generated 92 spectra from BM and SPL macrophages and MG in identical manner as those 91 spectra analyzed following 2% Triton X-100 lysis.
In this comparison, all spectra from MP lysates prepared with CHAPS were combined in one file and analyzed using Biomarker Wizard generating a total of 62 peaks. Statistical comparisons based on absolute intensity yielded 18 significantly different peaks among the MP subtypes (P < 0.0001). Table 2 presents a summary of peaks, characteristic for BM and SPL macrophages and MG. Protein peaks with both higher and lower intensities were observed for the three MP subtypes (Fig. 3) . Spectral comparisons between SPL and BM macrophages showed that all 18 peaks were higher in SPL macrophages. The results from two experiments yielded similar results. In particular, eight peaks of 3986.6, 4043.3, 5656.9, 8457.2, 8573.4, 10394.5, 11121.6, and 15852 .8 m/z showed highest intensity in SPL relative to other MP subtypes (Fig. 3) . The profiles of MG showed four higher and two lower peaks, as compared with BM macrophages. Four peaks of higher 7412.0, 7729.0, 14807.3, and 15018.0 m/z were higher in MG than in BM and SPL macrophages (Fig. 3b,c,d ). In contrast, two peaks of 3986.6 and 15852.8 m/z were detected in BM and SPL macrophages, but not in MG (Fig. 3a,d ). Differences in protein profiles were detected regardless of the lysis buffer used. However, CHAPS and Triton X-100 elicited different protein profiles (Tables 1 and 2) . Comparison of the data sets between CHAPS-and TritonX-100-lysed cells showed that seven peaks of 3986.6, 4043.3, 7412.0, 8457.2, 10394.5, 14807.3, and 15852.8 m/z, summarized in Table 2 , were detected in both lysis conditions. In contrast, seven peaks of 5191.6, 5656.9, 7729.0, 8573.4, 11243.0, 12675.4, and 14001.9 m/z were detected only in CHAPS-lysed cells and showed significantly higher intensities in SPL macrophages and/or MG (Fig. 3) . In cells lysed with Triton X-100, four proteins of 7510.2, 11318.4, 11511.2, and 11847.4 m/z showed higher intensities in SPL macrophages, two peaks of 7510.2 and 11318.4 m/z showed higher and lower intensities in MG, respectively. However, no significant changes in these peaks were found in spectra of CHAPS-lysed cells. The results demonstrate that comparisons of spectra between cell groups must take into account how the cell lysates were prepared.
Canonical Analysis of MP Subtypes
We used the log intensities of peak distributions, differing by subtype (Tables 1 and 2 ) in a discriminant analysis to assess cell membership. The peak identified at a median of 27,303.4 identified in the analysis of the CHAPS data was eliminated from this analysis, as it fell outside the ranges recommended by Yasui et al. (2003) . Thus, 19 and 17 statistically significant peaks were used in the analysis of the Triton X-100 and CHAPS data, respectively. The stepwise discriminant analysis identified seven peaks for the Triton X-100 data and eight peaks in the CHAPS data, which were useful in the classification of samples into subtypes. Using these peaks, we produced canonical variables with the canonical discriminant procedure. The first two canonical variables provided excellent discrimination between the MG and the other two macrophage subtypes (Fig. 4a,b) . The separation of the BM and SPL macrophages was more limited. Nevertheless, assigning samples to subtypes, i.e., * Kruskal-Wallis analysis of variance comparing distribution of peak intensities across MP subtypes. X = Peaks selected as useful for prediction of subtype membership. a A total 61 peaks were detected from data generated using SELDI-TOF ProteinChip® assay and were numbered 1-61. b Mass/charge (m/z) is indicated as median mass of corresponding peaks from all spectra. Representative spectra derived from SELDI-TOF ProteinChip® from BM and SPL macrophages and MG (a-d). Cells were lysed using 2% CHAPS. Differences in spectra were calculated based on the absolute intensity. Peaks with significantly higher intensities in representative spectra are marked with asterisks and those with lower intensities are marked with arrows.
MG: canonical variable 1 (CV1) value < 0; BM: CV1 > 0; CV2 < 0; SPL: CV1 > 0; CV2 > 0, led to the misclassification of only three of 91 samples from the Triton X-100 lysates: one BM sample was misclassified as SPL, and two SPL samples were misclassified, one as BM and one as MG. The "leave one out" estimate of the misclassification rate was also 3/91 (3%). Analysis of the CHAPS lysates led to the misclassification of four of 92 samples (one SPL as BM, three BM as SPL), with the "leave one out" estimate of the misclassification rate being 7/92 (8%).
Protein Identification by LC-MS/MS
To identify the unique proteins determined by SELDI-TOF analysis, pre-fractionation was required. Here, the design linked SELDI-TOF and HPLC. The techniques used a WCX2 ProteinChip (SELDI-TOF) and WCX column (HPLC). A representative chromatogram is shown in Figure 5a . After sample injections, two peaks were detected at 4.5 min and at 16.5 min during washing and one peak was detected at 42.5 min during elution. The chromatographic pattern was reproducible among all three MP subtypes (data not shown). We collected the fractions that contained the peak detected at 42.5 min during elution. To examine whether the HPLC fractions showed spectra that corresponded to the SELDI-TOF, we performed ProteinChip assays from the HPLC fractions of three MP subtypes using a WCX2 chip. Sixty peaks were detected from the spectra performed from the HPLC fractions of three MP subtypes (Fig. 5b) . Spectral differences among the whole cell lysates and HPLC fractions might be due to differences between protein binding affinities of the WCX2 chip and column. These results revealed that spectral profiling obtained following HPLC fractionation corresponded to SELDI-TOF analysis.
We then separated the proteins enriched by HPLC on 1D SDS-PAGE and the protein bands at ~17 kDa were collected (Fig. 5c ). After in-gel tryptic digestion of the bands, the resultant peptides were analyzed by LC-MS/MS; database searching revealed 16 proteins obtained after WCX protein binding and present in the three MP subtypes (Table 3). Five proteins, lysozyme M precursor, AK007994 NID, lipid-binding protein, thioredoxin, and ubiquitin, were detected in all three MP subtypes. However, some proteins were detected only in one or two of MP subtypes. Next, we compared the protein mass identified by LC-MS/MS with those of whole cell lysates or HPLC fractions detected by SELDI-TOF (Table 3) . Five proteins, SOD, lipid-binding protein, D-dopachrome tautomerase, AK002403 NID, and ubiquitin, were matched less than 1.0% mass accuracy of proteins detected in HPLC fractions between SELDI-TOF and LC-MS/MS. Three proteins, SOD, lipid-binding protein, and ubiquitin, were detected both in whole cell lysates and HPLC fractions of the MP subtypes. Two proteins, including lipid-binding protein and ubiquitin, were identified in all three MP subtypes, and showed spectral peaks of 15018.0 and 8573.4 m/z by SELDI-TOF. SOD was matched at 0.3% and 0.2% mass accuracy by SELDI-TOF spectra of whole cell lysates and by analysis of HPLC fractions. Interestingly, SOD was not detected in HPLC fractions of MG by LC-MS/MS, as the protein peaks with 15852.8 m/z was lower in MG whole cell lysates than in BM and SPL whole cell lysates (Tables 2 and 3 ). To confirm the protein expressions of SOD in all MP subtypes, Western blot was performed in HPLC fractions of the three MP subtypes. Three independent experiments demonstrated that the expression of SOD was lowest in MG when compared with BM and SPL macrophages (Fig. 6) . These results supported the data from SELDI-TOF, which MG had a low intensity of peak 15852.8 m/z on WCX2 chip, and demonstrated the identification of 15852.8 m/z protein peak as SOD.
Discussion
Although residential tissue macrophage, such as Kupffer cells, alveolar macrophages, and MG, originate from common bone marrow progenitors, they display tissue hetero- Table 2 . c: One dimensional (1D) gel of HPLC fractions of BM and SPL macrophages and MG. Protein bands 1-7 were cut then collected for protein identification using LC-MS/MS. geneity. Differences among macrophage subtypes likely result from combinations of programmed cellular differentiation, tissue distribution, and responsiveness to endogenous and exogenous stimuli (Gordon et al., 1988; Ogawa 1993; Valledor et al., 1998) . Thus, if genetically identical, when the cells are removed from their normal environment and cultivated under identical conditions, they would show morphological and functional similarities. We demonstrated that the proteomes of MG, SPL, and BM macrophages could be distinguished one compared to the other. Indeed, MP show unique proteomic profiles even when cultured under identical conditions. These results serve to extend prior MP phenotypic heterogeneity studies, including M-CSF dependency (Cecchini et al., 1994; Naito et al., 1996; de Villier et al., 1998) .
ProteinChip technology is a new technology used to study proteomic profiles in biological samples, such as serum, cerebrospinal fluid, and cell or tissue extracts (Merchant and Weinberger, 2000; Wulfkuhle et al., 2001; Carrette et al., 2003; Luo et al., 2003; Carlson et al., 2004) , and is used in biomarker discovery (Ball et al., 2002; Choe et al., 2002; Yasui et al., 2002; Hayman and Przyborski, 2004) . We used SELDI-TOF to identify protein patterns in BM and SPL macrophages and MG, and showed statistical differences among three MP subtypes. Protein profiling also demonstrated that SPL macrophages showed peak patterns similar to BM macrophages using both lysis extraction methods. The results were supported by canonical analysis. While profiles of SPL macrophages showed similar or higher intensity than BM spectra, profiles of MG showed similar or lower intensities when compared with BM macrophages. Characterization of MG is commonly performed by cytofluorometry and immunohistochemistry (Giulian and Baker, 1986; Ulvestad et al., 1994; Giulian et al., 1995; Becher and Antel, 1996) . The phenotype of MG in the normal CNS is described as being in an inactive state (Perry and Gordon, 1991; Sedgwick et al., 1991) . However, because activation of MG promotes immune responses, the balance of protective and destructive action is directly related to environmental cues acquired during neurodegenerative disorders (Allan and Rothwell, 2001; Nguyen, 2002) . The MG proteome operative during neurodegenerative disorders may be studied if the cells "unique" properties can be maintained during cultivation. Trying to tease out unique signatures of MG is fraught with other difficulties. Indeed, it is likely that MG originate from BM progen- itors and migrate to brain during fetal development. The same BM progenitors also give rise to spleen and other tissue macrophages. Moreover, embryonic and adult mouse brain may themselves contain progenitor cells (Alliot et al., 1991; Richardson et al., 1993) . MG may also turn over at a significantly slower rate than other tissue macrophage (Kennedy and Abkowitz, 1997) . Thus, distinctive features of MG may be principal in development, differentiation, and plasticity.
While protein analysis have been established as new tools for understanding various biological problems, different mass spectrometric techniques for identification and posttranslational modifications have been established as well as isolation and separation methods for analysis of highly complex samples by classical separation techniques, such as two-dimensional gel electrophoresis and liquid chromatography (Lescuyer et al., 2004; Reinders et al., 2004) . Recently, these techniques have been helpful for macrophage proteome analysis (Walsh et al., 1995; Yeung and Stanley, 2003; Yu et al., 2003; Verhoeckx et al., 2004; Dupont et al., 2004) . In the present study, we used HPLC as a protein separation method and LC-MS/MS as an identification tool. These analyses showed that of 16 possible proteins three were identified as SOD, lipid-binding protein, and ubiquitin. These corresponded to the spectral peaks detected by SELDI-TOF. The protein peak detected at 15852.8 m/z in MG cell lysates showed lower intensities than those in BM and SPL macrophages on the WCX2 chip. This protein peak was identified as SOD in the HPLC fraction of all MP subtypes but showed the lowest level of expression in MG. The results, most significantly, showed that SELDI-TOF and HPLC can be linked through the use of a WCX chip and column.
Interestingly, the lowest levels of SOD were found in MG. SOD regulates cellular oxygen metabolism and free radical formation. Oxygen free radicals are linked to the pathogenesis of a number of neurodegenerative disorders, including amyotrophic lateral sclerosis and human immunodeficiency virus (HIV) dementia, and are associated with inflammatory responses (Pasinelli et al., 1998; Boven et al., 1999; Marikovsky et al., 2003; Nguyen et al., 2004) . Macrophages secrete SOD de novo, but it is increased following cell activation by lipopolysaccharide and tumor necrosis factor- (TNF-) (Marikovsky et al., 2003) . In our study, the protein levels in HPLC fraction were different between MG and the other MP subtypes. The difference of quantitative expression might result from the difference of the binding affinity of SOD obtained from each MP against WCX surface. Although it remains unknown whether SOD qualitatively or functionally differ among the three MP, these results might lead to new insights into their roles in health and disease.
Macrophages play a role in tissue homeostasis as specialized phagocytic cells able to produce trophic, cytotoxic, and regulatory molecules that mediate inflammation and repair, following pathogen invasion and cellular damage (Gordon, 2003) . The immunological changes in residential cells have influences on tissue structure and function during disease progressions. Therefore, it is important to further characterize the protein expression profiles in resting and activated macrophages, as a first step towards understanding how proteins affect a unique MP subtype. 
